Setting. Epidural hematoma rarely complicates interventional spine procedures. While anticoagulant and antiplatelet drugs increase bleeding risk, cessation may precipitate serious thromboembolic events. The Spine Intervention Society (SIS) and American Society of Regional Anesthesia and Pain Medicine (ASRA) put forth guidelines that dissent with regard to management of hemostatically active agents during commonly performed spinal injections. 
Introduction
Epidural injection of corticosteroids and local anesthetics relieve radicular pain [1, 2] . However, epidural hematoma may complicate these elective procedures. As hematomas expand, they compress spinal nerve roots and the central cord, manifesting as pain, paresthesia, urinary retention, paresis, and paralysis [3] .
Periprocedural management of anticoagulation and antiplatelet medications has undergone substantial revision. Only recently has the first randomized, placebocontrolled trial investigating perioperative bridging in atrial fibrillation patients been reported [4] . Risk of bleeding must be balanced against the chance of thromboembolic events associated with agent discontinuation [5] . During interventional spine and neuraxial anesthesia, bleeding risk while continuing antiplatelet or anticoagulant drugs during epidural catheterization may be threefold greater than if discontinued [6, 7] . However, risk of bleeding for spinal injection may be less than for catheter-based neuraxial anesthesia.
Spinal injection encompasses myriad interventions, the individual bleeding risks of which are uncertain. The Spine Intervention Society (SIS, formerly the International Spine Intervention Society) published guidelines presenting procedure-specific risks in 2013 [6] . The American Society of Regional Anesthesia and Pain Medicine (ASRA) later rated some of the most commonly performed spinal injections, including interlaminar epidural, transforaminal epidural, facet (zygapophyseal) joint, sympathetic block, radiofrequency neurotomy, and lumbar intradiscal injections as "intermediate risk" for bleeding complications [8] . This rating was contrary to SIS guidelines, which suggested that lumbar (L 1 -L 5 ) transforaminal epidural, posterior-approach facet joint, radiofrequency neurotomy, sacroiliac, lumbar sympathetic, lumbar intradiscal injections may be safely performed while continuing certain blood-thinning agents.
This study aimed to clarify the risk of epidural hematoma following commonly performed spinal injections. We present the Modified SIS 2013-ASRA 2015 Anticoagulant and Antiplatelet (MSAAA) guideline table for agent continuation or cessation during interventional spine procedures. This table was implemented to guide management, and interventions where antiplatelet and anticoagulant agents were continued were tabulated by procedure and agent.
Methods
Waiver of informed consent was obtained from the institutional review board. The authors developed the MSAAA guideline table (Table 1) to direct antiplatelet/anticoagulant continuation or cessation during interventional spine procedures. The study period took place from February 1, 2015, to June 7, 2016. We gathered procedure and medication data from a single interventional physiatrist's practice through current procedural terminology (CPT) codes and electronic medical records. International normalized ratio (INR) was gathered for patient continuing warfarin therapy. Injections in patients for whom antiplatelet and anticoagulant medications were continued were tabulated by injection type and by medication. The following agents were identified from patient records: warfarin (Coumadin or Jantoven), dabigatran etexilate (Pradaxa), apixaban (Eliquis), rivaroxaban (Xarelto), clopidogrel (Plavix), cilostazol (Pletal), prasugrel (Effient), and ticagrelor (Brilinta). Aspirin, other nonsteroidal anti-inflammatory drugs (NSAIDs), herbal remedies (e.g., ginkgo biloba), and dietary supplements (e.g., phentermine) were not specifically continued or discontinued for any injection type in this study.
Spinal epidural hematoma was the primary outcome. Investigators monitored for events through telephone call 24-48 hours postinjection, in-clinic appointments, or patient self-report. Magnetic resonance imaging (MRI) was performed in patients complaining of new-onset or worsening of lower extremity numbness, weakness, pain, or paresis after the intervention. Imaging was only performed where clinically appropriate. All injections were performed under fluoroscopic guidance in an operating room setting by the primary author in accordance with SIS 2013 guidelines [6] . For patients receiving multilevel injections, each injection site was considered a discrete observation.
Statistical Analysis
The number of observations needed to achieve statistical power (1-b) of 0.95 was 1,536 injections, assuming an event incidence of one in 10,000 with precision of 0.1% [9] . Outcome incidence was reported with adjusted Wald confidence intervals (CIs) within 95% [10] . Values for INR were presented as mean 6 standard deviation. Analysis was performed using JMP 12. One spinal epidural hematoma occurred in an 87-year old female with spinal stenosis undergoing lumbar interlaminar epidural steroid injection. She experienced left lower extremity parasthesia and paresis, which improved with conservative, nonsurgical management. The incidence of spinal epidural hematoma for interlaminar injections was one in 2,026 injections (0.05%, 95% CI ¼ 0.00-0.31) (see Table 2 ). Overall incidence for all procedures studied was one in 4,047 procedures (0.02%, 95% CI ¼ 0.00-0.15%). A total of 191 cervical and 723 lumbar transforaminal epidural injections were performed: no anticoagulant/antiplatelet agent was continued during cervical transforaminal injection. No thromboembolic events (myocardial infarction, cerebrovascular accident, or critical limb ischemia) were observed within 24-48 hours after spinal injection for all patients in the study.
Discussion
Management of periprocedural antiplatelet and anticoagulant medications requires balancing risk of 
Table 2
Interventional spine procedures and incidence of epidural hematoma hemorrhagic vs thromboembolic complications [5] . Interventionalists, physiatrists, primary care physicians, anesthesiologists, and cardiologists should tailor therapy for patients undergoing high-risk procedures. Communication among providers regarding the indication (e.g., primary prophylaxis of myocardial infarction or stroke, peripheral vascular disease, etc.) for aspirin use should guide management in a patient-and procedurespecific manner [8] . Patients benefit from adherence to consensus guidelines: Four of seven epidural hematomas with intrathecal catheter insertion or removal occurred in patients whose antiplatelet/anticoagulant therapy deviated from 2003 ASRA guidelines [7, 11] . Notwithstanding, guidelines must adapt to reflect the most up-to-date clinical knowledge base in order to ensure patient safety.
The current study adds to the fund of safety data for interventional spine procedures. A recent study of 4,766 patients undergoing various spinal interventions reported nine thromboembolic events linked to preprocedural warfarin cessation [12] . This same endeavor by Endres et al. reported no hemorrhagic events after lumbar transforaminal, lumbar medial branch, trigger point, and sacroiliac joint injections in 4,154 patients continuing anticoagulant medications. The current study further validates the relative safety of continuing anticoagulants during these procedures.
Our findings extended similar conclusions to patients undergoing radiofrequency neurotomy: 26 injections (three cervical, 23 lumbar) were performed while continuing anticoagulation/antiplatelet medication without bleeding incidents (Table 2) . For radiofrequency procedures, cautery theoretically enhances local hemostasis. Furthermore, posterolateral and posterior approaches in these procedures advance the needle tip relatively distant to the central spinal canal. On the other hand, introduction and manipulation of electrodes may increase risk of vascular damage [12] . Anticoagulant and antiplatelet medications are controversial for radiofrequency neurotomy or ablation, and ongoing investigation is advised.
The present study contains the third known report of epidural hematoma following interlaminar epidural steroid injection. Aside from one other prospective evaluation of spine procedures [13] , this study includes the largest number of interlaminar epidural injections. Benyamin et al. reports a cervical hematoma developing hours after cervical interlaminar injection in a patient whose clopidogrel therapy was held for 12 days [14] . This event required urgent C 4 -T 3 decompressive laminectomy. We report a lumbar epidural hematoma in a patient who was not prescribed any anticoagulant or antiplatelet drug and whose symptoms improved with nonsurgical management. Indeed, risk of bleeding from interlaminar injections surpasses that of transforaminal approaches of epidural injection [6, 8, 12, 15, 16] . Thus, interlaminar approaches should prompt discontinuation of anticoagulant or antiplatelet agents if feasible.
Within a single-center, single-provider practice, we have validated that anticoagulant and antiplatelet medications may be continued in select procedures without bleeding complications. These data capture how commonly interventionalists encounter the "continue or hold" conundrum in real-life practice. For instance, we report 90 of 729 (12.4%) lumbar transforaminal epidural injections performed while continuing anticoagulation/antiplatelet medications. On the other hand, Endres et al. reported that 1,633 of 2,389 (68%) transforaminal epidural injections were performed while maintaining anticoagulation. In both this study and the Endres et al. report, agent continuation is at the provider's discretion. The pervasiveness of the "continue or hold" question may differ by patient population, the physicians' procedural repertoire, the guidelines utilized for management, and other considerations.
Bleeding risk certainly differs among procedure and injection types. The paucity of prospective data limits current knowledge of these rare bleeding complications following interventional spine procedures. Current interventional spine guidelines are without recommendation grade [1, 8] as they are based largely on compilations of case reports, borrowed literature from catheter-based/ neuraxial anesthesia fields [7, 11] , and theoretical or pharmacologic postulates. Continued monitoring of patient outcomes through larger multicenter efforts will provide further insights into risk of adverse events.
Modified SIS 2013-ASRA 2015 Antiplatelet & Anticoagulant Guideline Rationale
The authors initially developed a guideline table from recommendations of SIS 2013 [6] . Later, ASRA released guidelines in 2015 that categorized bleeding risk by procedure [8] . Dissent arose between SIS 2013 and ASRA 2015 regarding antiplatelet/anticoagulant management for lumbar transforaminal epidural, lumbar sympathetic block, posterior approach facet joint (any level), radiofrequency neurotomy, and lumbar intradiscal injections; ASRA 2015 classified these procedures as "intermediate risk. " We favored the SIS 2013 guidelines with regard to the discrepancies above by categorizing these procedures as theoretically low risk (Table 1) . Additionally, for sacroiliac and other extraspinal injections, SIS stated that risk is "next to zero. . .in patients who continue to take anticoagulants." ASRA proposed holding antiplatelet agents, warfarin, and novel oral anticoagulants prior to "intermediate risk" procedures. For lumbar (but not cervical, thoracic, or sacral) transforaminal epidural injection, SIS cited that there have been no reports of postinjection epidural hematoma. Since this publication, the authors identified only one reported case of bleeding after lumbar transforaminal epidural injection, although not within the epidural space: an L 4 -L 5 perineural hematoma followed a right L 4 transforaminal epidural injection in a 72-year-old who was not taking anticoagulant or antiplatelet drugs, had no underlying coagulopathy, and experienced symptom resolution without decompressive surgery [17] . Cervical, thoracic, and sacral transforaminal epidural approaches carry greater risk of spinal complication. In the event of bleeding, there are theoretically greater risks of neural injury due to various anatomic considerations (i.e., spinal cord and intraspinal needle placement). Thus, providers should consider holding antiplatelet and anticoagulants for these interventions [6] .
Dipyridamole, a phosphodiesterase-3 and -5 inhibitor, is often combined with aspirin for synergistic inhibition of coagulation. ASRA recommends ceasing dipyridamole without aspirin for two days prior to high-risk procedures only [6] , while the Physiatric Association of Spine, Sports and Occupational Rehabilitation (PASSOR) guidelines from the American Academy of Physical Medicine and Rehabilitation state dipyridamole (with or without aspirin) should be ceased for at least seven days [18] .
Since the publication of the ASRA 2015 guidelines, the oral factor X a inhibitor edoxaban (Savaysa) was approved by the US Food and Drug Administration. Holding this medication for five half-lives (t 1/2 : 10-14 hours) as is proposed for other oral X a inhibitors during high-and intermediate-risk procedures seems advisable [8, 19] .
Neural complications from spinal intervention are mostly ischemic, not hemorrhagic, in nature [3, [20] [21] [22] [23] [24] [25] [26] . In patients at higher risk for vascular injury (e.g., history of previous spinal surgery at the level of injection, paraspinal adhesions, etc.), holding hemostatically active agents even for low-risk procedures may be reasonable [27] . In this study, medications were not held for patients who previously had spinal surgery. Notwithstanding, most of the procedures studied in the current endeavor are categorized as intermediate risk according to ASRA 2015. Notable exceptions included vertebral augmentation (high risk) and sacroiliac injection (low risk).
Limitations
The study findings must be interpreted in the context of its limitations. Incidence of epidural hematoma could be calculated within goal precision (0.1%) for interlaminar epidural injections alone. Of note, this is the only epidural hematoma to result from spinal injection in the primary author's 21 years of practice. Thus, the current study may overestimate epidural hematoma incidence after interlaminar injection.
CPT coding data precluded distinguishing between sacral and lumbar transforaminal epidural injections; no sacral transforaminal epidural injection was performed while continuing antiplatelet/anticoagulant agents. Similarly, interlaminar and caudal epidural injections could not be distinguished based on CPT coding (Table  2) . Of note, no patient continued antiplatelet/anticoagulant medication for interlaminar or caudal epidural injection. Four of 82 (4.6%) injections during warfarin therapy had missing INR values and were not imputed in the analysis.
Continuation or discontinuation of aspirin, other NSAIDs, and selective serotonin reuptake inhibitor (SSRI) was not monitored. ASRA 2015 and ASIPP guidelines recommend continuing NSAIDs during intermediate-to lowrisk procedures. With regard to aspirin, shared physician decision-making between the prescribing provider and interventionalist should occur on a patient-and procedure-specific basis. In our experience, patients often continue or discontinue these medications without explicit instruction. Medical indication for antiplatelet/anticoagulant agents was not included in the analysis.
This prospective descriptive study utilized a convenience sample from one provider's practice in the southeastern United States. As epidural hematomas are rare complications after common spinal interventions, continued multicenter prospective efforts are essential to determine bleeding risk per agent and per procedure. 
